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ELASTIC WAVE DEVICE AND METHOD
FOR MANUFACTURING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2014-104382 filed on May 20, 2014
and 1s a Continuation Application of PCT Application No.
PCT/IP2015/063323 filed on May 8, 2013. The entire con-
tents of each application are hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an elastic wave device in
which an elastic wave element 1s mounted on a package
substrate with a bump electrode located therebetween and a
method for manufacturing the elastic wave device.

2. Description of the Related Art

As one of the techniques for reducing the size of elastic
wave devices used in cellular phones and the like, a method
of mounting an elastic wave element onto a package sub-
strate using a bump electrode 1s known.

Japanese Unexamined Patent Application Publication No.
2005-197395 discloses a technique in which a bump elec-
trode 1s joined to a pad electrode of an elastic wave element.
An Al joimning layer with a thickness of 840 nm 1s disposed
as an outermost surface layer of the pad electrode, and the
Al joming layer 1s joined to the bump electrode composed of
Au. The Al joming layer and the bump electrode are joined
together by fusion bonding, and an Au—Al alloy layer 1s
formed at the joining portion between the bump electrode
and the Al jomning layer.

In the elastic wave device disclosed in Japanese Unex-
amined Patent Application Publication No. 2005-1975935, 1n
some cases, Kirkendall voids may occur in the Au—Al alloy
layer when subjected to thermal shock during mounting of
the elastic wave element onto a package substrate or during
reflow. This may lead to a decrease in the joining strength
between the pad electrode and the bump electrode. Conse-
quently, the joining strength between the elastic wave ele-
ment and the bump electrode may decrease.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
an elastic wave device whose size 1s able to be reduced, and
in which a high joining strength between an elastic wave
element and a bump electrode 1s provided, and a method for
manufacturing the elastic wave device.

An elastic wave device according to a preferred embodi-
ment of present invention includes an elastic wave element
which includes a piezoelectric substrate, an IDT electrode
disposed on the piezoelectric substrate, and a pad electrode
electrically connected to the IDT electrode, the pad electrode
including a multilayer structure including a wiring layer, a
barrier layer, and a joining layer that are provided in this
order on the piezoelectric substrate; a package substrate
including an electrode land on the surface thereof; and a
bump electrode that electrically and mechanically joins the
pad electrode and the electrode land and provides a gap
between the elastic wave element and the package substrate.
The joming layer of the pad electrode includes a first
principal surface on the package substrate side and a second
principal surface opposite the first principal surface, the first
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principal surface side of the joining layer and the bump
clectrode are joined together to define a joining portion, and
an alloy layer 1s provided at the joining portion. The
thickness of the joining layer preferably 1s about 2,000 nm
or less, the thickness of the alloy layer preferably 1s about
2,100 nm or less, and a distance from a surface of the alloy
layer on the piezoelectric substrate side to the second
principal surface of the joining layer preferably 1s about

1,950 nm or less, for example.

According to a preferred embodiment of the present
invention, a maximum diameter of voids that are included in
the alloy layer preferably 1s about 250 nm or less, for
example.

According to a preferred embodiment of the present
invention, the surface of the alloy layer on the piezoelectric
substrate side extends to the second principal surface of the
joining layer.

According to a preferred embodiment of the present
invention, the surface of the alloy layer on the piezoelectric
substrate side 1s located between the first principal surface
and the second principal surface of the joining layer.

According to a preferred embodiment of the present
invention, a thickness of the joining layer 1s about 450 nm
or less.

According to a preferred embodiment of the present
invention, the elastic wave device further includes a mold
resin layer provided on the package substrate to cover an
outer periphery of the elastic wave element.

According to a preferred embodiment of the present
invention, the joining layer includes Al or an alloy of Al and
at least one selected from the group including Cu, W, 11, Cr,
Ta, and Su.

According to a preferred embodiment of the present
invention, the bump electrode includes Au.

A method for manufacturing an elastic wave device
according to a preferred embodiment of the present inven-
tion includes a step of preparing an elastic wave element in
which the thickness of the joining layer of the pad electrode
1s about 2,000 nm or less, a step of joining the bump
clectrode to the pad electrode of the elastic wave element by
bump bonding, and a step of mounting the elastic wave
clement including the bump electrode joined thereto onto a
package substrate by tlip chip bonding. In the step of
mounting the elastic wave element onto the package sub-
strate, during the tlip chip bonding, heat 1s applied to form
an alloy layer at the joining portion between the joining layer
of the pad electrode and the bump electrode, at a distance of
about 1,950 nm or less from the second principal surface of
the joining layer of the pad electrode, and with a thickness
of about 2,100 nm or less.

According to a preferred embodiment of the present
invention, in the step of preparing the elastic wave element,
the elastic wave element 1s prepared with the thickness of the
joining layer of the pad electrode of about 450 nm or less.

According to preferred embodiments of the present inven-
tion, elastic wave devices whose sizes are able to be reduced
1s provided, and 1n which a high joining strength between an
clastic wave element and a bump electrode 1s provided.

The above and other elements, features, steps, character-
1stics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic elevational cross-sectional view of
an elastic wave device according to a first preferred embodi-
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ment of the present invention, and FIG. 1B 1s a schematic
plan view showing an electrode structure of an elastic wave
element 1ncluded 1n the elastic wave device according to the
first preferred embodiment of the present invention.

FIG. 2 1s a schematic plan view showing an interconnect
structure of the elastic wave element included 1n the elastic
wave device according to the first preferred embodiment of
the present invention.

FIG. 3 1s an enlarged schematic cross-sectional view of a
joimng portion between an elastic wave element and a
package substrate 1n an elastic wave device according to the
first preferred embodiment of the present invention.

FIG. 4 1s an enlarged schematic cross-sectional view of a
joimng portion between an elastic wave element and a
package substrate 1n an elastic wave device according to a
second preferred embodiment of the present invention.

FIG. 5 1s an SEM photograph at a magnification of 5,500x
of a cross section of a joining portion between an elastic
wave element and a bump electrode of a sample 1n which the
thickness of a remaining portion of the joining layer (exclud-
ing the joining portion between the joiming layer and the
bump electrode) 1s set to be about 250 nm 1n an elastic wave
device according to the second preferred embodiment of the
present mvention.

FIG. 6 1s an SEM photograph at a magnification of 5,500x
ol a cross section of a joining portion between an elastic
wave element and a bump electrode of a sample 1n which the
thickness of a remaining portion of the joining layer (exclud-
ing the joining portion between the joiming layer and the
bump electrode) is set to be about 350 nm 1n an elastic wave
device according to the second preferred embodiment of the
present mvention.

FI1G. 7 1s an SEM photograph at a magnification of 5,500x
of a cross section of a joining portion between an elastic
wave element and a bump electrode of a sample 1n which the
thickness of a remaining portion of the joining layer (exclud-
ing the joining portion between the joining layer and the
bump electrode) is set to be about 450 nm 1n an elastic wave
device according to the second preferred embodiment of the
present ivention.

FI1G. 8 1s an SEM photograph at a magnification of 5,500x
of a cross section of a joining portion between an elastic
wave element and a bump electrode of a sample in which the
thickness of a remaining portion of the joining layer (exclud-
ing the joining portion between the joiming layer and the
bump electrode) 1s set to be about 650 nm 1n an elastic wave
device according to the second preferred embodiment of the
present invention.

FIG. 9 1s a graph showing the relationship between the
thickness of the joining layer and the thickness of the alloy
layer 1n elastic wave devices according to the second pre-
ferred embodiment of the present invention.

FIG. 10 1s a graph showing thermal shock test results
when the thickness of the joining layer 1s set to be about 450
nm and about 650 nm 1n elastic wave devices according to
the second preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will be clarified by describing
specific preferred embodiments of the present invention with
reference to the drawings.

It 1s to be noted that the preferred embodiments described
in the specification are merely examples, and that the
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4

configurations 1n the preferred embodiments are able to be
partly replaced or combined between different preferred
embodiments.

First Preferred Embodiment

FIG. 1A 1s a schematic elevational cross-sectional view of
an elastic wave device according to a first preferred embodi-
ment of the present invention, and FIG. 1B 1s a schematic
plan view showing an electrode structure of an elastic wave
clement included 1n the elastic wave device according to the
first preferred embodiment.

FIG. 2 1s a schematic plan view showing an interconnect
structure of the elastic wave element included 1n the elastic
wave device according to the first preferred embodiment.

An elastic wave device 1 includes an elastic wave element
7. The elastic wave element 7 includes a piezoelectric
substrate 2, an IDT electrode 4, and pad electrodes 5. The
piezoelectric substrate 2 includes a principal surface 2a. The
piezoelectric substrate 2 may include a substrate with a
piezoelectric single crystal, such as LiTaO, or LiNbO,.

The IDT electrode 4 1s disposed on the principal surface
2a of the piezoelectric substrate 2. The IDT electrode 4 may
include an appropriate metal material, such as Al, Cu, Pt, Au,
Ag, T1, N1, Cr, Mo, W, or an alloy that primarily includes any
of these metals. The IDT electrode 4 may be single-layered
or a multilayer body in which two or more metal layers are
stacked. In the first preferred embodiment, a T1 layer and an
AuCu alloy layer are stacked in this order on the principal
surtace 2a of the piezoelectric substrate 2 to provide the IDT
electrode 4.

Although schematically shown 1n FIG. 1A, an electrode
structure shown 1n FIG. 1B 1s disposed on the piezoelectric
substrate 2. That 1s, the IDT electrode 4 and reflectors 9 and
10 are located on both sides 1n or substantially in the surface
acoustic wave propagation direction of the IDT electrode 4,
thus providing a one-port surface acoustic wave resonator.
However, 1n the first preferred embodiment, the electrode
structure including an IDT electrode 1s not particularly
limited. A filter may be provided by combining a plurality of
resonators. Examples of such a filter include a ladder filter,
a longitudinally coupled resonator filter, and a lattice filter.

The pad electrodes 5 are stacked on the principal surface
2a of the piezoelectric substrate 2. The pad electrodes are
clectrically connected to the IDT electrode 4. The pad
clectrodes 5 include appropriate metals. Specifically, metal
layers, which are described below, are stacked 1n each pad
electrode 5.

In FIG. 1A, to provide an easier understanding of the
structure of the first preferred embodiment, the IDT elec-
trode 4 and the pad electrodes 5 only are shown on the
principal surface 2a of the piezoelectric substrate 2. How-
ever, 1 practice, as shown in the schematic plan view of
FIG. 2, a line electrode 11 for connecting the IDT electrode
4 and the pad electrodes $ 1s further provided on the
piezoelectric substrate 2.

Referring back to FIG. 1A, the elastic wave element 7 1s
mounted onto a package substrate 3. The package substrate
3 includes a shape of a rectangular or substantially rectan-
gular plate. The package substrate 3 may include an 1nsu-
lating ceramic such as alumina, an insulating resin, or the
like.

The elastic wave element 7 1s electrically and mechani-
cally jomned to the package substrate 3 with the bump
clectrodes 6 located therebetween. More specifically, as
shown 1n FIG. 1A, the pad electrodes S, which are compo-
nents of the elastic wave element 7, are joined to the bump
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electrodes 6. Electrode lands 3a are included on the upper
surface of the package substrate 3. The electrode lands 3a
are joined to the bump electrodes 6.

As shown 1n FIG. 1A, 1n the first preferred embodiment,
a hollow space 2¢ 1s defined by the pad electrodes 5 of the
clastic wave element 7, the bump electrodes 6, and the
package substrate 3. The IDT electrode 4 on the piezoelec-
tric substrate 2 faces the hollow space 2¢. Accordingly, a
chip-size package structure i1s able to be provided.

In the first preferred embodiment, the bump electrodes 6
and the electrode lands 3a of the package substrate 3 include
Au. However, the bump electrodes 6 and the electrode lands
3a of the package substrate 3 may include another appro-
priate metal material.

A mold resin layer 8 1s provided on the package substrate
3 to cover the elastic wave element 7. A material for the
mold resin layer 8 includes, for example, an approprnate
resin such as an epoxy resin.

FIG. 3 1s an enlarged schematic cross-sectional view of a
joimng portion between the elastic wave element 7 and the
package substrate 3 in the elastic wave device 1 according
to the first preferred embodiment. A pad electrode S includes
an adhesion layer SD, a wiring layer 5C, a barrier layer 5B,
and a joining layer 5SA. The adhesion layer 5D, the wiring
layer 5C, the barrier layer 5B, and the joining layer 5A are
stacked 1n this order on the piezoelectric substrate 2. In order
to increase the joining strength between the piezoelectric
substrate 2 and the wiring layer 5C, the piezoelectric sub-
strate 2 and the wiring layer 5C are joined with the adhesion
layer 5D of Ti located therebetween. However, the adhesion
layer 5D may be omitted.

The wiring layer 5C includes an alloy of Al and Cu (AlCu
alloy). The barrier layer SB includes Ti.

The joining layer SA includes a first principal surface Sa
and a second principal surface 5b. The joining layer SA
includes Al or an alloy of Al and another metal. The other
metal 1s at least one selected from the group including Cu,
W, T1, Cr, Ta, and S1. In the first preferred embodiment, the
joimng layer 5A includes Al.

As shown 1n FIG. 3, the joining layer 5A of the pad
clectrode 5 1s joined to the bump electrode 6. The joining
layer SA includes the first principal surface Sa and the
second principal surface 5b, which are opposite to each
other. The first principal surface Sa of the joining layer SA
1s located on a side of the joining layer SA closer to the
package substrate 3 and 1s joined to the bump electrode 6.
The second principal surface 56 of the joining layer SA 1s
located on a side of the joining layer 5A closer to the
piezoelectric substrate 2. An alloy layer 12 1s generated at a
joimng portion defined by metal diffusion between the Al
jommng layer SA and the Au bump electrode 6. The alloy
layer 12 includes an AuAl alloy. In the first preferred
embodiment, the alloy layer 12 does not extend to the
second principal surface 55 of the joining layer SA. That 1s,
a surface 12a of the alloy layer 12 on a side of the alloy layer
12 closer to the piezoelectric substrate 2 1s located between
the first principal surface Sa and the second principal surface
5b6 of the joining layer SA.

In the first preferred embodiment, the thickness T of the
joining layer SA preferably 1s about 2,000 nm or less, for
example. More specifically, 1n a direction parallel or sub-
stantially parallel to the normal of the first principal surface
Sa, the thickness of a remaining portion 5S¢ of the joining
layer SA (excluding the joining portion between the joining
layer SA and the bump electrode 6) corresponds to the
thickness T of the joining layer SA. That 1s, 1n the thickness
direction, the distance from the first principal surface Sa to
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the second principal surface 56 of the joining layer SA
preferably 1s about 2,000 nm or less, for example. Further-
more, as described in detail below, 1f the thickness T of the
joining layer 5A 1s set to be about 450 nm or less, when the
entire thickness of the joining layer 5A i1s transformed with
the bump electrode 6 into the alloy layer 12, the thickness A
of the alloy layer 12 provided by transformation of the
joining layer SA and the bump electrode 6 1s able to be
controlled to be about 2,100 nm or less, for example. Note
that the direction parallel or substantially parallel to the
normal of the first principal surface 1s referred to as the
thickness direction.

Furthermore, 1n the first preferred embodiment, in the
thickness direction, the distance from the surface 12a of the
alloy layer 12 on the piezoelectric substrate 2 side to the
second principal surface 56 of the joining layer SA prefer-
ably 1s about 1,950 nm or less, and the thickness A of the
alloy layer 12 between the joining layer 5A and the bump
clectrode 6 preferably 1s about 2,100 nm or less, for
example. By setting the thickness B of an unalloyed layer 1n
the joining layer 5A, from the surface 12a which 1s the
boundary of the alloy layer 12 on the piezoelectric substrate
2 side to the second principal surface 556 of the jointing layer
S5A, to be about 1,950 nm or less and the thickness A of the
alloy layer 12 to be about 2,100 nm or less, for example, the
amount of mterdiffusion between the alloy layer 12 and the
unalloyed layer due to an increase 1n ambient temperature 1s
able to be controlled. The occurrence of voids due to an
imbalance 1n the rate of diffusion during the interdiffusion,
that 1s, the occurrence of Kirkendall voids, 1s able to be
significantly reduced or prevented.

As described above, 1n the first preferred embodiment, the
thickness of the remaining portion 5¢ of the joining layer SA
(excluding the joining portion between the joining layer 5A
and the bump electrode 6), that 1s, the thickness T of the
joiming layer 5A, the distance from the surface 12a of the
alloy layer 12 on the piezoelectric substrate 2 side to the
second principal surface 556 of the joiming layer SA, and the
thickness A of the alloy layer 12 are limited to the ranges
described above, Kirkendall voids are unlikely to occur 1n
the joining portion between the joining layer SA and the
bump electrode 6. In particular, Kirkendall voids are
unlikely to occur in the alloy layer 12 and at the interface
between the alloy layer 12 and the bump electrode 6 or the
jomning layer SA. Even if Kirkendall voids occur, the maxi-
mum diameter of the Kirkendall voids 1s about 250 nm or
less, for example. If the cross-sectional shape of Kirkendall
volds 1s not circular but elliptical, the length of the major
axis of the Kirkendall voids 1s about 250 nm or less, for
example. Furthermore, if Kirkendall voids are of irregular
shape 1ncluding a longitudinal direction, the maximum
external size of the Kirkendall voids 1s about 250 nm or less,
for example.

Accordingly, even when subjected to thermal shock, the
joining strength between the joining layer SA and the bump
electrode 6 1s unlikely to be decreased. Therefore, a chip-
s1ze package structure provides a reduction 1n size.

In a method for manufacturing an elastic wave device 1,
first, an elastic wave element 7 1s prepared, in which an IDT
clectrode 4 and a pad electrode 5 are provided on a piezo-
clectric substrate 2. In the pad electrode 5, the thickness T
of a joining layer SA preferably 1s about 2,000 nm or less,
for example. To further significantly reduce or prevent the
occurrence of Kirkendall voids, in the pad electrode 5, the
thickness T of the joining layer SA 1s preferably about 450
nm or less, for example.
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Then, a bump electrode 6 1s joined by bump bonding to
the joining layer 5A of the pad electrode 5 of the elastic wave

clement 7. Subsequently, the elastic wave element 7 includ-
ing the bump electrode 6 joined thereto 1s mounted onto a
package substrate 3 by flip chip bonding, thus providing the
elastic wave device 1.

In the method for manufacturing an elastic wave device
according to the first preferred embodiment, during the flip
chip bonding, heat 1s applied to form an alloy layer at the
joining portion between the joining layer of the pad elec-
trode and the bump electrode, at a distance of about 1,950
nm or less from the second principal surface of the joining
layer of the pad electrode, and with a thickness of about
2,100 nm or less, for example.

Accordingly, the occurrence of Kirkendall voids in the
joimng portion between the joining layer of the pad elec-
trode and the bump electrode 1s able to be significantly
reduced or prevented. That 1s, an elastic wave device 1s able
to be provided with a high joining strength between an
clastic wave element and a bump electrode.

Second Preterred Embodiment

FIG. 4 1s an enlarged schematic cross-sectional view of a
joimng portion between an elastic wave element 7 and a
package substrate 3 1n an elastic wave device according to
a second preferred embodiment of the present invention. In
the second preferred embodiment, an alloy layer 12 extends
to a second principal surface 56 of a joining layer SA.
Otherwise, the second preferred embodiment includes a
structure that 1s the same as or similar to the structure of the
first preferred embodiment.

As described above, 1n the elastic wave device according
to the second preferred embodiment, since the alloy layer 12
extends to the second principal surface 56 of the joining
layer 5A, the occurrence of Kirkendall voids in the joining
portion between the joining layer 5A and the bump electrode
6 1s able to be further significantly reduced or prevented.
Accordingly, a decrease 1n the joining strength between the
clastic wave element 7 and the bump electrode 6 due to
thermal shock 1s able to be further significantly reduced or
prevented.

Furthermore, to more eflectively reduce or prevent the
occurrence of Kirkendall voids, the alloy layer 12 may
extend over the second principal surface 56 of the joining
layer SA to the barrier layer 5B which 1s a diffusion
prevention layer.

FIGS. 5 to 8 are each an SEM photograph at a magnifi-
cation of 5,500x of a cross section of a joining portion
between an elastic wave element 7 and a bump electrode 6
of a sample 1n which the thickness T of the joiming layer 1s
set to be about 250 nm, about 350 nm, about 450 nm, or
about 650 nm, for example, 1n an elastic wave device
according to the second preferred embodiment. FIGS. 5to 8
cach show a cross-sectional view of a portion where a
piezoelectric substrate 2, a pad electrode S, an alloy layer 12,
and a bump electrode 6 are stacked in this order from the top.

Hereinafter, the thickness T of the joining layer SA refers
to the distance between the first principal surface and the
second principal surface of the joining layer SA, and as
shown 1n FIGS. 3 and 4, the thickness T of the joining layer
5A refers to the thickness of a remaining portion 5¢ of the
joimng layer SA excluding a portion overlapping the joining
portion 1n the thickness direction.

The pad electrode 5 1s formed preferably by stacking the
adhesion layer 5D, the wiring layer 5C, the barrier layer 5B,
and the joiming layer SA or the alloy layer 12 formed

10

15

20

25

30

35

40

45

50

55

60

65

8

between the joiming layer SA and the bump electrode 6 1n
this order from the piezoelectric substrate 2 side. In order to
increase the joining strength between the piezoelectric sub-
strate 2 and the wiring layer 5C, the piezoelectric substrate
2 and the wiring layer 5C are joined with the adhesion layer
5D of T1 located therebetween. However, the adhesion layer
5D may be omitted.

As shown 1n FIGS. 5 and 6, when the thickness T of the
joming layer 5A 1s about 250 nm or about 350 nm, for
example, Kirkendall voids do not occur.

In the sample shown in FIG. 7, 1n which the thickness T
of the joining layer SA 1s about 450 nm, although Kirkendall
voids 13 occur 1n the joining portion between the alloy layer
12 and the bump electrode 6, the maximum diameter of the
Kirkendall voids 13 1s about 250 nm or less, for example.

However, in the sample shown i FIG. 8, in which the
thickness T of the joming layer SA 1s about 650 nm,
Kirkendall voids 13 including a maximum diameter of more
than about 250 nm are observed.

The results of SEM photograph observation show that
when the thickness T of the joining layer 5A 1s about 350 nm
or less, the occurrence of Kirkendall voids 13 1s significantly
reduced or prevented, and when the thickness T of the
joining layer 5A 1s about 450 nm or less, the occurrence of
Kirkendall voids 13 including a maximum diameter of more
than about 250 nm 1s significantly reduced or prevented.

FIG. 9 1s a graph showing the relationship between the
thickness T of the joining layer 5A and the thickness A of the
alloy layer 12. As shown i FIG. 9, there 1s a proportional
relation between the thickness T of the joining layer SA and
the thickness A of the alloy layer 12. Furthermore, when the
thickness T of the joining layer SA 1s about 450 nm, the
thickness A of the alloy layer 12 1s about 2,100 nm, for
example. Therefore, when the thickness A of the alloy layer
12 1s about 2,100 nm or less, the occurrence of Kirkendall
volds 13 including a maximum diameter of more than about
250 nm 1s significantly reduced or prevented.

Accordingly, 1n the second preferred embodiment 1n
which the alloy layer 12 extends to the second principal
surtace 55 of the joining layer 5A, preferably, the thickness
T of the joining layer 5A 1s about 450 nm or less, that 1s, the
thickness A of the alloy layer 12 1s about 2,100 nm or less,
for example.

Furthermore, to significantly reduce or prevent the occur-
rence of Kirkendall voids 13, more preferably, the thickness
T of the joining layer 5A 1s about 350 nm or less, that 1s, the
thickness A of the alloy layer 12 1s about 1,800 nm or less,
for example.

Furthermore, to securely significantly reduce or prevent
the occurrence of Kirkendall voids 13, still more pretferably,
the thickness T of the joining layer 5A 1s about 250 nm or
less, that 1s, the thickness A of the alloy layer 12 1s about
1,500 nm or less, for example.

FIG. 10 1s a graph showing thermal shock test results
when the thickness T of the joining layer SA 1s set to be
about 450 nm and about 650 nm 1n elastic wave devices
according to the second preferred embodiment. In the graph
shown 1n FIG. 10, the vertical axis indicates the failure
probability F(t) of elastic wave devices according to a
thermal shock test, and the horizontal axis indicates the
number of cycles 1n the thermal shock test.

Specifically, 30 samples were subjected to N times of
thermal shock 1n a cycle test, one cycle including a tem-
perature increase from about —40° C. to about 125° C. and
a temperature decrease from about 125° C. to about —-40° C.,
and then the resistance between the pad electrode 5 and the
clectrode land 3a at room temperature (about 25° C.) was
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measured 1in accordance with the Japanese Industrial Stan-
dard (JIS C 60068-2-14). The retention time at each tem-
perature was set to be about 30 minutes.

A sample measured to include an open circuit between the
pad electrode 5 and the electrode land 3a was considered a
falled sample. The failure probability F(t) was calculated 1n
accordance with the following formula:

Failure probability £ (z)=number of failed samples/
number of tested samplesx100

As shown 1n FIG. 10, the samples 1n which the thickness
T of the joining layer 5A 1s about 450 nm provide a lower
tailure probability than the samples in which the thickness T
of the jomning layer 5A 1s about 650 nm. Furthermore,
although not shown, in samples 1n which the thickness T of
the joining layer 5A 1s about 250 nm, no samples failed even
at 1,000 cycles.

The results of the thermal shock test confirmed that as the
thickness T of the joiming layer 5A decreases, the failure
probability due to thermal shock decreases. That 1s, as the
thickness T of the joining layer SA decreases, a decrease 1n
the joining strength between the elastic wave element 7 and
the bump electrode 6 1s further significantly reduced or
prevented.

As described above, 1n the elastic wave device according
to the second preferred embodiment, 1n which the alloy layer
12 extends to the second principal surface 55 of the joining
layer SA, by setting the thickness T of the joining layer SA
to be about 450 nm or less, that 1s, by setting the thickness
A of the alloy layer 12 to be about 2,100 nm or less, the
occurrence of Kirkendall voids including a maximum diam-
eter of more than about 250 nm 1s able to be significantly
reduced or prevented. As a result, a decrease 1n the joining
strength between the elastic wave element 7 and the bump
electrode 6 due to thermal shock 1s able to be significantly
reduced or prevented.

Furthermore, by setting the thickness T of the joining
layer 5A to be about 350 nm or less, that 1s, by setting the
thickness A of the alloy layer 12 to be about 1,800 nm or
less, the occurrence of Kirkendall voids 1s significantly
reduced or prevented, and, therefore, a decrease in the
joining strength between the elastic wave element 7 and the
bump electrode 6 due to thermal shock 1s able to be
significantly reduced or prevented.

While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. An elastic wave device comprising:

an elastic wave element which includes a piezoelectric
substrate, an IDT electrode disposed on the piezoelec-
tric substrate, and a pad electrode electrically con-
nected to the IDT electrode, the pad electrode including
a multilayer structure including a wiring layer, a barrier
layer, and a joining layer that are provided in order on
the piezoelectric substrate;

a package substrate including an electrode land on a
surface thereof; and

a bump electrode that electrically and mechanically joins
the pad electrode and the electrode land and provides a
gap between the elastic wave element and the package
substrate; wherein

the joming layer of the pad electrode includes a first
principal surface on the package substrate side and a
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second principal surface opposite the first principal
surface, the first principal surface side of the joining
layer and the bump electrode are joined together to
define a joining portion, and an alloy layer 1s located at
the joining portion; and

a thickness of the joining layer 1s about 2,000 nm or less,
a thickness of the alloy layer 1s about 2,100 nm or less,
and a distance from a surface of the alloy layer on a
piezoelectric substrate side to the second principal
surface of the joimning layer 1s about 1,950 nm or less.

2. The elastic wave device according to claim 1, wherein
a maximum diameter of voids that are included 1n the alloy
layer 1s about 250 nm or less.

3. The elastic wave device according to claim 1, wherein
the surface of the alloy layer on the piezoelectric substrate
side extends to the second principal surface of the joining
layer.

4. The elastic wave device according to claim 1, wherein
the alloy layer does not extend to the second principal
surface of the joining layer.

5. The elastic wave device according to claim 1, wherein
the surface of the alloy layer on the piezoelectric substrate
side 1s located between the first principal surface and the
second principal surface of the joining layer.

6. The elastic wave device according to claim 1, wherein
the thickness of the joining layer 1s about 450 nm or less.

7. The elastic wave device according to claim 1, further
comprising a mold resin layer provided on the package
substrate to cover an outer periphery of the elastic wave
clement.

8. The elastic wave device according to claim 1, wherein
the joining layer includes Al or an alloy of Al and at least one
selected from the group consisting of Cu, W, T1, Cr, Ta, and
S1.

9. The elastic wave device according to claim 1, wherein
the bump electrode includes Au.

10. The elastic wave device according to claim 1, further
comprising at least one reflector located in or substantially
in a surface acoustic wave propagation direction of the IDT
electrode.

11. The elastic wave device according to claim 10,
wherein the IDT electrode and the at least one reflector
define a one-port surface acoustic wave resonator.

12. The elastic wave device according to claim 1, wherein
the package includes an insulating ceramic.

13. The elastic wave device according to claim 1, wherein
the thickness of the joining layer and the thickness of the
alloy layer include a predetermined proportional relation-
ship.

14. The elastic wave device according to claim 1, wherein
the wiring layer includes an alloy of Al and Cu.

15. The elastic wave device according to claim 1, wherein
the alloy layer includes an alloy of Au and CI.

16. A method for manufacturing the elastic wave device
according to claim 1, the method comprising:

a step of preparing the elastic wave element in which the
thickness of the joining layer of the pad electrode 1s
about 2,000 nm or less;

a step of joining the bump electrode to the pad electrode
of the elastic wave element by bump bonding; and

a step of mounting the elastic wave element including the
bump electrode joined thereto onto the package sub-
strate by tlip chip bonding; wherein

in the step of mounting the elastic wave element onto the
package substrate, during the flip chip bonding, heat 1s
applied to form the alloy layer at the joining portion
between the joining layer of the pad electrode and the
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bump electrode, at a distance of about 1,950 nm or less
from the second principal surface of the joining layer of
the pad electrode, and with the thickness of about 2,100
nm or less.

17. The method for manufacturing the elastic wave device 5
according to claim 16, wherein, in the step of preparing the
clastic wave element, the elastic wave element 1s prepared
with the thickness of the joining layer of the pad electrode
of 450 nm or less.
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